chronic inflammation in the aortic wall may be a consequence of a dysregulated and persistent autoimmune inflammatory response against aortic wall antigens. 7, 8 Systemic inflammatory diseases have been characterized as forming a spectrum of inflammatory and autoimmune components, with some patients having largely autoinflammatory subtypes, such as inflammatory bowel disease, osteoarthritis, or gout; some patients having largely autoimmune subtypes, such as lupus, type 1 diabetes mellitus, or Goodpasture syndrome; and some patients having mixed subtypes, such as ankylosing spondylitis or psoriasis. [9] [10] [11] [12] A common mechanism of these diseases includes overproduction of various inflammatory cytokines, such as interleukin 1, interleukin 18, interleukin 6, tumor necrosis factor-α, and type I interferon. 13 These cytokines are produced by activated immune cells, including autoreactive T lymphocytes and plasma cells, that result in the formation of autoantibodies and inflammation. 14 Interleukin-17-producing Th(17) T cells may promote inflammation and tissue destruction in autoimmune diseases and may also confer susceptibility to allergy. 15, 16 Because autoinflammatory, autoimmune, and allergic diseases have common pathophysiology and are considered a disease spectrum, they are now being treated with similar agents. 17 In addition, localized autoimmune diseases, such as Sjögren syndrome, are frequently associated with systemic inflammatory diseases, highlighting the systemic nature of seemingly localized inflammation. 18 It is possible that systemic inflammatory disease produces an environment of persistent aortic inflammation and remodeling, resulting in aneurysmal degeneration; it is also possible that aortic aneurysms continue to remodel after endovascular aneurysm repair (EVAR) in the systemic inflammatory environment, as EVAR does not remove the aortic wall. We hypothesized that patients with systemic inflammatory disease and large aneurysms may have persistent aortic inflammation and remodeling after EVAR, potentially decreasing the efficacy of this minimally invasive procedure. Accordingly, we examined the outcome after EVAR in veterans, a group of patients with more comorbid diseases compared with nonveterans w ith similar diagnoses, forming a high-risk population. 19, 20 We previously reported that veterans with metabolic syndrome (MetS) have more type II endoleaks after EVAR, 21 and we reanalyzed these data to determine whether these patients had systemic inflammatory diseases and how these systemic inflammatory diseases affect remodeling after EVAR.
Methods
The medical records of all patients who underwent EVAR between July 2002 and June 2011 at the Veterans Affairs Connecticut Healthcare System were reviewed with approval of the system's institutional review board, waiving informed consent for individual patients because patient-identifiable information was not recorded in this retrospective review. The presence of a systemic inflammatory disease was defined by diagnosis and/or treatment of an inflammatory disease. The presence of an autoinflammatory disease was defined by diagnosis of osteoarthritis, gout, pseudogout, or inflammatory bowel disease. 14, 22, 23 The presence of allergic disease was defined by allergic rhinitis, eczema, or seasonal rhinitis. Medical management prescribed by a rheumatologist or other disease-related specialist included any active or prior corticosteroid use, via oral or injection route of administration, as well as medications used to specifically treat autoimmune disease. Patient demographics, comorbid conditions, and laboratory data were determined at the time just prior to EVAR. Heart disease was defined as the presence of coronary artery disease, congestive heart failure, or atrial fibrillation; previous vascular intervention 19 The MetS score was defined as the number of MetS parameters present in an individual patient and ranged from 0 to 5, and a MetS score of 3 or greater was considered to indicate the presence of MetS.
Operative measures included aneurysm size, defined as the largest aneurysm diameter on computed tomographic (CT) scan prior to intervention; planned perioperative interventions, defined as planned adjuncts to the EVAR procedure that would be performed before, during, or after the procedure, including coil embolization, bypass, or iliac limb extension; and urgent presentation, defined as a symptomatic or ruptured aneurysm. Endoleaks were defined using the Society for Vascular Surgery criteria. 24 Excluder (W. L. Gore and Associates), AneuRx (Medtronic), Zenith (Cook), Talent (Medtronic), Endologix, Endurant (Medtronic), and Ancure (Guidant Endovascular Solutions) grafts were used at the discretion of the surgeon during the time of the study. Perioperative mortality and morbidity rates were determined within 30 days postoperatively. Major complications included myocardial infarction, ischemic colitis, atrial fibrillation, acute kidney injury, temporary or permanent dialysis, acute respiratory distress syndrome, blood stream infection, or spinal cord ischemia. Total complications also included wound infection, buttock claudication, deep vein thrombosis, or pulmonary embolism. Perioperative myocardial ischemia was determined by a serum troponin rise greater than the normal range or electrocardiogram changes consistent with ischemia. Acute kidney injury was defined as a creatinine rise of more than 0.3 mg/dL (to convert to micromoles per liter, multiply by 88.4) or 1.5 times the preoperative baseline.
Surveillance after EVAR was performed by annual radiologic imaging by CT, magnetic resonance imaging, or duplex unless the sac diameter diminished to less than 3 cm, in which case the frequency of surveillance was lengthened at the discretion of the surgeon, typically to every 5 years. Complications related to EVAR included sac rupture, stent fracture, migration, and endoleak. Significant endoleak was defined as an endoleak associated with increased sac diameter. Sac shrinkage or expansion was reported with a change of 0.5 cm or greater compared with previous CT imaging.
Data were recorded as mean (SEM) and compared using the unpaired t test; categorical data were compared using the χ 2 test. Multivariable analysis was performed using logistic 
Results
To determine whether patients with advanced aneurysmal disease also had a history of systemic inflammatory disease, the records of patients treated with EVAR at the VA Connecticut between 2002 and 2011 were reviewed. A total of 51 of 79 patients (65%) had 1 or more diagnoses of systemic inflammatory disease, including autoinflammatory, autoimmune, and allergic disease subtypes ( Table 1) . Patients frequently had multiple different systemic inflammatory diseases, with 27 patients (53%) having only 1 diagnosis, 18 (35%) having 2 diagnoses, and 6 (12%) having 3 diagnoses; all patients received treatment for their diagnoses. Patients with systemic inflammatory disease had similar demographics and comorbid conditions to patients undergoing EVAR but without a history of systemic inflammatory disease, other than increased BMI and increased need for more than 1 antihypertensive medication ( Table 2) .
Patients with systemic inflammatory disease had a similar mean aneurysm diameter at the time of EVAR compared with patients without a history of systemic inflammatory disease; in patients with systemic inflammatory disease, there were increased numbers of planned perioperative interventions associated with the EVAR procedure (eg, coil embolization) but this was not statistically significant (eTable 1 in the Supplement). Only 1 patient presented urgently with symptoms consistent with a contained rupture; all other patients were asymptomatic and treated electively. Endoleaks (type II) at the completion of the operative procedure were noted at similar frequency between patients with and without inflammatory disease (eTable 1 in the Supplement).
Perioperative (<30 days) mortality was similar between patients with or without a history of systemic inflammatory disease ( Table 3) . There was an increased number of early major (P = .02) and overall (P = .03) complications in patients with a history of systemic inflammatory disease (Table 3) . No patient had spinal cord ischemia, deep venous thrombosis, or pulmonary embolism postoperatively. The mean follow-up time after the EVAR was 5.2 years; patients were followed up yearly with imaging, generally CT (97%) or magnetic resonance imaging or duplex (3%). Overall survival was not significantly different between patients with or without systemic inflammatory disease (Figure, A; eTable 2 in the Supplement). Patients with systemic inflammatory disease had a median (SD) survival of 6.9 (0.4) years, which was not different than patients without systemic inflammatory disease (7.5 [0.6] years; P = .99). No patient had a ruptured aneurysm after EVAR.
A total of 43 patients (54.4%) developed endoleaks at any time after EVAR, and patients with systemic inflammatory disease developed more endoleaks (68.7%) compared with patients without systemic inflammatory disease (28.6%; P < .001; Table 3 ). Endoleaks were classified at 1 year after EVAR; 28 patients (35.4%) had endoleaks, most of which were type II endoleaks. Patients with systemic inflammatory disease had more type II endoleaks after EVAR compared with patients without systemic inflammatory disease (33.3% vs 7.1%; P = .01; Table 3 ). Medication use was not related to development of an endoleak, although active treatment of gout was less likely to be associated with significant endoleak (eTable 3 in the Supplement). Endoleak with late sac expansion (eg, a significant endoleak) occurred in 32 patients (40.5%) after EVAR and was more frequent in patients with systemic inflammatory disease (51.0% vs 21.4%; P = .01; Table 3 ). Patients with systemic inflammatory disease more frequently required an intervention for significant endoleak compared with patients without systemic inflammatory disease (21.6% vs 3.6%; P = .03); 11 of 12 type II endoleaks (92%) in all patients that required intervention had a systemic inflammatory disease (Table 3) . 
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A, Cumulative survival after endovascular aneurysm repair in patients with or without systemic inflammatory disease (log rank, P = .99; Gehan-BreslowWilcoxon; P = .86). B, Increased type II endoleaks and late sac expansion in patients with systemic inflammatory disease. Endoleaks: P = .03 (log-rank test) and hazard ratio of 3.179 (95% CI, 1.203-6.210). Late sac expansion: P = .02 (log-rank test) and hazard ratio of 6.087 (95% CI, 1.037-9.380). The slightly reduced numbers of patients at year 0 reflect patients with an endoleak at the completion of the operative procedure who were not included. The solid line indicates sac expansion; dashed line, endoleak. C, Decreased sac shrinkage in patients with systemic inflammatory disease. P < .001 (log-rank test) and hazard ratio of 0.106 (95% CI, 0.032-0.350). D, Sac size shrinkage percentage in patients with and without systemic inflammatory disease at 1 and 5 years after endovascular aneurysm repair. Patients without autoinflammatory disease had significant sac size shrinkage after 5-year follow-up compared with first-year follow-up computed tomographic scan. The error bars indicate SEM. a P < .05 (Bonferroni post hoc analysis; P < .001).
Systemic Kaplan-Meier analysis showed that endoleak was more likely to occur over time in patients with systemic inflammatory disease (hazard ratio, 3.18; P = .03; log-rank test; Figure, B; eTable 4 in the Supplement); similarly, late sac expansion was also more likely to occur in patients with systemic inflammatory disease (hazard ratio, 6.09; P = .02). Systemic factors that were associated with a significant type II endoleak during long-term follow-up after EVAR included systemic inflammatory disease, several components of MetS, and planned perioperative intervention (eTable 5 in the Supplement). Multivariable logistic regression confirmed that a history of systemic inflammatory disease was associated with the development of a significant endoleak after EVAR (odds ratio, 5.18; 95% CI, 1.56-17.16; P = .007; Table 4 ). Similarly, sac shrinkage was uniformly present after EVAR in patients without a history of systemic inflammatory disease, but sac shrinkage was much less common in patients with systemic inflammatory disease (Figure, C; eTable 6 in the Supplement). At 1 and 5 years after EVAR, patients without systemic inflammatory disease had significant sac shrinkage compared with patients with systemic inflammatory disease (odds ratio −2.71; P = .002; Figure, D ).
Discussion
We report that in veterans with large AAAs treated with EVAR, 65% of patients had a systemic inflammatory disease. Patients with a systemic inflammatory disease have increased perioperative complications and develop more endoleaks and late sac expansion and require additional interventions during follow-up compared with patients without a systemic inflammatory disease. However, patients with systemic inflammatory disease have similar long-term survival compared with patients without a systemic inflammatory disease. These results suggest that EVAR requires more intense surveillance, more interventions, and more costs to be efficacious in patients with a history of systemic inflammatory disease.
We observed that patients with a history of systemic inflammatory disease developed more endoleaks and late sac expansion after EVAR compared with patients without such a history (Table 3; Figure, B) . We have previously reported that patients with MetS develop more type II endoleaks after EVAR. 21 However, a history of systemic inflammatory disease may be a more significant predictor of significant endoleak (eg, endoleak and late sac expansion) than MetS (Table 4) . Although there may be subtle differences in inflammatory processes between patients with MetS and patients with systemic inflammatory diseases, it is not currently clear whether these differences might be clinically significant. Similarly, a history of smoking was not associated with difference in rates of endoleak (eTable 3 in the Supplement); as such, the importance of particular subtypes of inflammation on the development of endoleak is not clear. The similar mean AAA diameters in patients without and with systemic inflammatory diseases (eTable 1 in the Supplement) suggest that the inflammatory processes associated with systemic inflammatory diseases may be more significant for post-EVAR remodeling compared with the inflammatory processes associated with early AAA development and expansion. However, all these data suggest the importance of inflammation in aortic wall remodeling even after technically successful EVAR. We also report that patients with systemic inflammatory disease had increased major and total perioperative complications after EVAR (Table 3 ) despite similar baseline characteristics (Table 2 ) and operative course (eTable 1 in the Supplement) as patients without systemic inflammatory disease. Patients with systemic inflammatory disease are at increased risk for cardiovascular events compared with the general population; for example, a study identified autoimmune diseases, such as psoriatic arthritis, psoriasis, and rheumatoid arthritis, as increasing the risk for cardiovascular events. 25 Patients with autoinflammatory disease, such as gout, also are at increased risk for all-cause and cardiovascular mortality. 26 As such, patients with systemic inflammatory disease are at increased baseline risk for cardiovascular events and therefore may be at increased risk for postoperative complications. Patients with systemic inflammatory disease had a higher mean BMI compared with patients without systemic inflammatory disease (Table 2) ; it is possible that higher BMI may contribute to inflammation. There were several limitations to this study. The retrospective nature of this study did not allow confirmation of the systemic inflammatory state or its severity of activity with testing such as the erythrocyte sedimentation rate or highsensitivity C-reactive protein levels; however, there was no difference in the development of endoleak between patients actively treated or not (eg, patients with or without active disease) (eTable 2 in the Supplement). We were also unable to detect some systemic inflammatory diseases, such as type 1 diabetes mellitus, that present early in life, as these conditions would prevent enlistment in the armed forces and thus prevent the patient from seeking care in the VA health care system. In addition, as expected with older veterans, our population consisted exclusively of men; women may have different prevalence of inflammatory and autoimmune diseases and different prevalence of AAA, with different outcomes after EVAR. Lastly, the limitations of this retrospective report need confirmation in prospective studies; serial examination of post-EVAR proximal neck diameter changes would likely be more meaningful in a group of patients treated with uniform types of proximal fixation and sealing. 
